606th MEETING, CORK 40 1 to any given H + :P ratio. If the ratio is 3 and the permittivity 20, the distance is approximately 0.3nm. Unlike the electrochemical parameters, $"+ values do not depend on a cumulative ion effect; one proton alone at the right distance from a fixed charge will be at the potential required for synthetic activity. On these terms the rate of synthesis is determined by the number of charge<harge interactions effected in unit time, and respiratory control will be exerted through the turnover rate of the fixed-charge cycle (Archbold et al., 1979, 19806; Malpress, 19816) which provides the dynamic link between $ H + and its conversion into conformational change and intramembranal proton path activation.
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The coulombic hypothesis is a 'local energized proton' interpretation of mitochondrial energy transduction, and is therefore closer to the views of Williams (1 978) than to those of Mitchell (1979) . But in many respects it may be radically differentiated from Williams' prototype model, notably in its acceptance of the evidence for transmembrane proton pump activity as opposed to intermembrane proton release, in its explicit involvement of newly generated negative fixed-charges and of the diffuse double layer, by the electrostatic mechanism which it sees as the first step in the utilization of the energized protons in contrast to the kinetic 'hydrating-dehydrating' process of the prototype view (Fig.  3) , and in its interpretation of C a 2 + movements. The chemiosmotic concept of Mitchell (1961) has proved to be of great predictive and practical value in the analysis of free-energy transduction. In order to make maximal use of the predictive value, we have incorporated this concept in a mosaic non-equilibrium description of oxidative phosphorylation (Westerhoff & Van Dam, 1982) . This description relates the rates of different processes in mitochondria (or bacteria) to their driving forces (free-energy differences), as well as to the activities and kinetic properties of the enzymes involved.
McKay
Some experimental tests of the mosaic non-equilibrium thermodynamic description gave results that fitted with a simple model of chemiosmotic energy transduction in mitochondria, with H + ions as the central coupling agent. For instance, the prediction that the dependence of the rate of phosphorylation on the rate of oxygen uptake should be linear and steeper in the presence of a protonophore than in its absence, could be verified (Van Dam et al., 1978) .
However, some predicted relations did not stand up to experimental test. An important anomaly is the finding that in State 4, i.e. at the maximal degree of phosphorylation of the adenine nucleotides, the ratio AG,/AEH+ is not independent of AFH+ (Wiechmann et , 1983) . Respiratory chain and ATPase complexes behave as if they are functionally coupled in such a way that energy delivered by one complex is available to one other complex only. In terms of the proton as energytransducing agent, there is no equilibration throughout the bulk phases inside or outside the mitochondria.
A physical counterpart of the functional compartmentation may be seen in the model of the mitochondrial cristae as proposed by Sjostrand (1978) . According to this model, the cristae membranes are closely apposed. We now specify that protons pumped to the (virtual) outside cannot escape, except to a neighbouring complex. We have obtained evidence that there is indeed a correlation between the 'localized' behaviour of the protons and the putative dilation of the cristae, for instance by comparing mitochondria isolated in the presence or absence of a high molecular weight osmotic support, such as polyvinylpyrrolidone. The surprising conclusion that the localized protons are in contact with the external medium is schematically depicted in Fig. 1 .
In order to combine these different aspects in a coherent picture of energy transduction, a new model was proposed: mosaic protonic coupling (Westerhoff et al., 1983; 
Fig. 1. Dijjerent conformations of the mitrochondria have different degrees of 'localization' of the energized protons
In the upper part, the situation in the presence of polyvinylpyrrolidone is given; the cristae are apposed and localized behaviour is maximal. In the lower part no high molecular weight support is present; the cristae are dilated and the protons behave as if delocalized (Novikoff, 1957) . membrane was increased, or when respiratory inhibitors were added. The same relationship was obtained in both cases, due to the fact that both the protonophorous uncoupler and the respiratory inhibitor affect the disequilibrium between the local proton gradient and the bulk phase to bulk-phase proton gradients by varying the ratio of the number of coupling units to the number of proton leaks.
The present model seems to approach that proposed by Williams (1961) . It should be emphasized, however, that in our description there is a contact between the bulk extramitochondria1 water and the localized phase between the cristae. The access to this localized phase from the bulk phase varies with the incubation conditions; it may even be that this variable access has physiological significance. Thus the present model accommodates aspects of both the 'localized' and the 'classical' chemiosmotic concepts with predictable transitions between the two extremes.
Recent observations from this laboratory (Hackenbrock, 1981) , which reveal that the redox components of the mitochondrial inner membrane are freely diffusible of one another, are important for several reasons: they characteriZe the Structure of the inner membrane as a fluid rather than solid state membrane, they characterize the physical 
